On January 28, 1990, the Dynamics Explorer 1 and Akebono satellites crossed a magnetic field structure at the equatorward edge of the polar cusp at altitudes of 22,000 and 5000 km, respectively, within 6 min of each other. Locally measured plasma particles and fields and magnetometer data from a ground station near the foot of the magnetic field line are more consistent with an interpretation of the structure as that of a standing Alfv•n wave than that of a quasi-steady field-aligned current sheet. We discuss the observations supporting this conclusion and other related observations of field-aligned currents, Alfv6n waves, and ion energization near the equatorward edge of the cusp. These observations suggest that Alfv6n waves are commonly present near the equatorward edge of the cusp.
INTRODUCTION
Both large-and small-scale variations in magnetic intensity are commonly observed in high-latitude magnetometer data at all local times. (See, for example, Iijima and Potemra [1976] ). Data presented by Gurnett et al. [1984] , Matsuoka et al. [1991, 1993] , Knudsen et al. [1990, 1992] , Basinska et al. [1992] , and others (see the reference lists in these papers) suggest that a significant fraction of the small-scale features are caused by wave activity, not current sheets supporting quasi-steady particle transport. These authors have examined the electric to magnetic field ratios as a function of frequency in small-scale features in the transverse magnetic field obtained from satellite observations. They reported frequent instances where the ratios are inconsistent with quasi-static, field-aligned current sheets. However, the conclusion that the structures are caused by Alfv6n waves is difficult to support using time-averaged data obtained from one satellite as it passes through such a structure. Here we discuss particle and field data acquired nearly simultaneously by instruments on two satellites as they flew through a small-scale transverse magnetic field perturbation on the equatorward edge of the cusp.
Peterson et al. [1993] reported that the ionospheric traces of magnetic field lines through the Dynamics Explorer 1 (DE 1) and Akebono satellites came within 1 ø at 2004 UT on January 28, 1990, when the satellites were at altitudes of of Space and Astronautical Science (ISAS), Japan. The Akebono particles and fields instruments and measurements are described by Tsuruda and Oya [1991] and the other papers contained in a special issue of Geophysical Research Letters. In this report we will use data from instruments that monitor the electric and magnetic fields, the mass density, and the energetic particle environment at two widely separated altitudes on nearly conjugate magnetic field lines near the equatorward edge of the cusp. A significant fraction of the data discussed below appears in the paper by Peterson et al. [1993] . Figure 1 gives the magnitude of the equivalent field-aligned current sheet of infinite extent that could produce the observed magnetic field structures. The magnitude of the inferred current is 3.2 x 10 -6 A/m 2. The calculation was made using the method described by Fukunishi et al. [1991] , which does not assume that the fieldaligned current is L shell aligned. As noted above, the structure in the magnetic field near 2004 UT in Figure 1 may not be generated by a quasi-steady field-aligned current. Before presenting evidence that this structure is generated by an Alfv6n wave, we present magnetometer data obtained nearly simultaneously at a higher altitude. DE 1 data as a field-aligned current is straightforward because the perturbation in the magnetic field is essentially all in the east-west direction, and we can make the assumption that the equivalent field-aligned current is L shell aligned. Since we are focusing on only one small-scale feature, we can directly apply the relationj = ABE_w/Ix o W, where j is the equivalent field-aligned current, ABE_w is the change in the east-west component of the magnetic field across the field-aligned current, W is the thickness (width) of the field-aligned current sheet, and/x 0 is the permeability of free space. We are using MKS units. Table 1 If the magnetic feature is the result of continuous fieldaligned current, this current will be carried by particles. Because the current is positive, the current-carrying particles will be electrons flowing downward toward the Earth. It follows that the quantity j/B should be the same, within measurement uncertainties, at the two satellites if the current is reasonably constant for the 318 s between measurements at DE 1 and Akebono. However, Table 1 Ground-based magnetometer data from the CANOPUS array have been examined at the times indicated in Table 1 . While it is impossible to uniquely determine current configurations from ground magnetometer data, and the geometry of the situation is not ideal, one would expect to see a significant change in ionospheric currents reflecting the temporal variations seen in the spacecraft data if the current element was extended in the east-west direction typical of cusp currents. Such is not the case. Data from the Rankin Inlet, Northwest Territories (62.8øN, 267.9øW), is presented in We obtained inconsistent results when we examined the possibility that the differences in the calculated intensities of the field-aligned currents in Table 1 could be associated with errors introduced by using the infinite current sheet approximation on current sheets having a limited longitudinal extent. We followed the method of Fung and Hoffman [ 1992] to estimate these errors. We assumed that the DE 1 current sheet was L shell aligned, which was consistent with the lack of a significant ABlv.s component (Figure 2 ). Fung and Hoffman show that when all of the magnetic perturbation is in one component, the error introduced by the infinite current sheet approximation is minimal. In the case of Akebono where there are significant ABlv.s and ABE_w components (Figure 1) , we also assumed that the current sheet is L shell aligned. Fung and Hoffman's analysis and our assumption give the result that the error introduced in calculating the field-aligned current magnitude is less than 10%. However, the analysis also predicts that Akebono crossed the assumed current sheet near its western end. This is inconsistent with the data shown in Figure 3, sheets. On the other hand, the magnitude of the calculated field-aligned currents is nonphysically large; therefore the difference in the magnitudes of the assumed currents at the two altitudes is not easily reconciled with ground magnetometer data, and particle observations suggest that both satellites passed through the cusp region. These facts led us to consider another mechanism to explain the perturbation in the magnetic field at the times noted in Table 2 presents characteristic dc impedances derived from the electric and magnetic fields measured during the periods identified in Table 1 when the two satellites were traversing the magnetic features under discussion. The ac ixoE/B ratios in Table 2 Gurnett et al. [1984] have noted that the E/B ratio may not lie within the limits given by the inverse Pedersen conductivity and the Alfv6n impedance because of frequency dependencies in the reflection of Alfv6n waves off the ionosphere. We defer further discussion of the data in Table 2 and Figure 5 to the next section.
Further tests of the Alfv6n wave hypothesis require detection of the Poynting flux and measurement of the phase angle between the ac electric and magnetic fields. On DE 1 and Akebono the operating modes of the electric field instruments preclude measurement of the Poynting fluxes and phase angles at the times indicated in Table 1 .
We must also point out that the magnetic field structure seen at the times indicated in Table 1 on both DE 1 and Akebono could have been generated by a combination of both an Alfv6n wave and a quasi-stationary field-aligned current. The data suggest that the influence of a quasistationary field-aligned current, if any, in generating the structure is small. Determinatidn of the magnitude of the contribution from a field-aligned current requires many assumptions and considerable modeling. It is beyond the scope of this paper.
DISCUSSION
We are fortunate to have found an interval when two satellites were on nearly the same magnetic field line, when the magnetic field line was near the magnetospheric cusp, and when the ionospheric foot of the field line was near a ground-based magnetometer. The data show that the DE 1 and Akebono satellites crossed a narrow magnetic field structure at the equatorward edge of the polar cusp at altitudes of 22,000 and 5000 km, respectively, within 6 min of each other. The data support the conclusion that a transverse perturbation in the magnetometer data found at the equatorward edge of the cusp was not generated only by a quasi-continuous field-aligned current sheet. The data suggest that the perturbation was caused in large measure by standing Alfv6n waves created when Alfv•n waves propagating downward were reflected upward at the ionosphere. Variations in the transverse components of magnetic fields in the auroral and cusp regions were one of the first features of the Earth's magnetosphere to be investigated in space. Dessler [1984] has reviewed the early measurements and noted how they were initially interpreted as hydromagnetic (i.e., Alfv•n) waves. He noted that the existence of largescale quasi-isotropic current sheets was initially rejected. The data presented above directly show that not all steplike features in the magnetic field are caused by quasi-stationary field-aligned current sheets.
Both large-and small-scale variations in magnetic intensity are commonly observed in high-latitude magnetometer data at all local times. (See, for example, Iijima and Potemra [1976] .) The data presented here and data presented by The conjunction data presented here clearly show that the feature in the magnetometer data found on the equatorward edge of the cusp was not generated solely by a quasi-steady field-aligned current sheet. The data suggest that the structure was caused by an Alfv6n wave. Table 2 and Figure 6 show that the E/B ratio observed by Akebono falls within the range characteristic of Alfv6n waves up to 4 Hz, which is below the local O + gyrofrequency of 10 Hz. The ac txoE/B values determined from the DE 1 electric and magnetic field data (shown in Figure 5 ) are above the local Alfv6n impedance (4 ohms) for frequencies above -0.3 Hz (approximately half the local O + gyrofrequency). Gurnett et al. [1984] reported that at high altitudes (i.e., geocentric distances greater than 2 RE) and high frequencies the E/B ratio tended to increase with increasing frequency and was usually somewhat larger than the Alfv6n impedance. Gurnett et al. suggested that this inconsistency at high frequencies could be the result of a frequency dependence in the ionospheric reflection of Alfv6n waves or their propagation at large angles to the magnetic field (i.e., kinetic Alfv6n waves).
The The different polarization states at the two altitudes inferred from the data presented in Figures 5 and 6 can be qualitatively reconciled by considering the propagation of Alfv6n waves along a geomagnetic field line [Johnson et al., 1989] . A RHCP wave propagating down a field line in a multi-ion-component plasma is largely reflected at the altitude where its frequency matches the local crossover frequency just above the heavy ion gyrofrequency. Some wave energy, however, tunnels through the gap between the crossover and heavy ion gyrofrequencies, and some wave energy is converted into LHCP waves. Thus at higher altitudes one will find a combination of wave modes, with RHCP waves perhaps predominating if sources dictate. At lower altitudes the RHCP waves generated above would have been reflected and the spectral densities would be dominated by the converted LHCP waves. There are, of course, other possible interpretations of the data presented here. Detailed examination of the plasma wave modes observed on the two satellites is beyond the scope of this paper. However, the evidence presented in Table 2 . In all cases the low-altitude satellite of the pair was below ---1000 km. The separation in magnetic local time and universal time in the conjunction events is considerably larger than that in the event presented here. It is also highly unlikely that any of these conjunctions occurred over an operating ground magnetometer station. Rich et al. [1981] and Reiff e! al. [1989] both noted instances where the j/B ratio observed at two altitudes was significantly (---2 times) different. These differences in the j/B ratio were attributed to a flow of currents perpendicular to the magnetic field lines between the two altitudes where the measurements were made. It is possible to argue that some of the difference in the j/B ratio noted in Table 1 is due to a horizontal current closure driven by some anomalous (i.e., poorly understood) process acting between 5000 and 22,000 km. We believe that a more realistic and straightforward interpretation of the difference in thej/B ratios shown in Table 1 is simply that the assumption that only a quasi-steady field-aligned current sheet generates the observed transverse perturbation in the magnetic field is not correct. This conclusion is supported by the extended nature of the observations (i.e., two satellites and a ground magnetometer station essentially on the same magnetic field line) and the extensive set of ancillary particle and field data available. The conclusion is strengthened by the close separation in the magnetic local time and universal time of the measurements. The evidence presented in Table  2 and Figures 5 and 6 suggests that the perturbation is caused by an Alfv6n wave.
Finally, we note that Alfv6n waves can have associated field-aligned currents (see, for example, Lysak [1985] ). Because the currents associated with Alfv6n waves vary systematically in time as well as space, the physical mechanisms responsible for their generation are different than those responsible for generation of quasi-steady field-aligned currents. The data presented here demonstrate conclusively that the measurement of a transverse magnetic field perturbation does not necessarily imply the existence of a quasisteady field-aligned current sheet.
CONCLUSION
We are fortunate to have found an interval when two satellites, Dynamics Explorer 1 (DE 1) and Akebono, were on the same magnetic field line, when the magnetic field line was near the magnetospheric cusp, and when the ionospheric foot of the field line was near a ground-based magnetometer. The data are inconsistent with the interpretation that the transverse perturbation in the magnetic field found on the equatorward side of the cusp was generated only by a field-aligned current sheet. The primary evidence is the nonconservation of the quantity j/B (apparent fieldaligned current density divided by magnetic field intensity) as a function of altitude, and the nonphysically large inferred current magnitudes. Data from the magnetometer at the Rankin Inlet station of CANOPUS and particle data from the DE 1 and Akebono satellites support this conclusion.
The three platform observations presented here demonstrate clearly the temporal component of a transverse perturbation in the magnetic field found on the equatorward edge of the cusp. Measured electric and magnetic fields on the two satellites suggest that the transverse perturbation was caused by an Alfv6n wave. Observations from DE 1, Akebono, and Viking of the frequent occurrence of preferential heating of O + ions at the equatorward edge of the cusp associated with low-frequency plasma waves suggest that the Alfv6n waves are commonly found on the equatorward edge of the cusp.
